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Assisi, June 20-24, 2005 On behalf of the LHCb collaboration

The LHCb experiment:
Status and expected physics

performance
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Introduction

Qd LHCb is a dedicated experiment to study CP violation and other rare
phenomena in B meson decays (and also ¢,7,jefts,...):

O Precision measurement of CKM parameters;
O Test of Standard Model predictions / search for new physics
O Expect ~1012 b-hadrons / year

O All b-species are produced: By (~40%), B4 (~40%), Bs (~10%), B¢ (~0.1%),
Ab (~10%), ... , Excited states, ...

Q By, Bd are being explored in great detail (thanks to B-factories)
=> Improve statistics (other sources of systematics)

d Bs time resolved studies (not accessible at B-factories)
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- b-production at LHCb

0 LHC Luminosity @ LHCb:
2-5 x 1032 cm-2s-1

d obbar =500 ub

Q Oinelastic= 80 mb

1 LHCb year = 2 fb-1 = 1012 bb
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Detector requirements

Example: Decay: Bs -> Ds K, Ds -> &m
Flavour tag: B -> Dlv

Exclusive B-decay
reconstruction

=> Kinematics measurement
K => Particle ID

Flavour tagging
=> Particle ID

Tt

Proper time (L~1cm)
Fast Bs oscillations
=> Precise vertexing

+ Efficient trigger

+ Control of systematics
LHCD
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The LHCb detector: kinematic measurements
Charged tracks y, m°

Vertex LOcator Magnet Calorimeter
Trigger Tracker
Inner/Outer Tracker

5m 20m z
\>Talk by Matthew Needham
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VErtex LOcaTor

Sensors sensitive area O
8mm from beam line g
(30 mm during injection)

O PVx position resolution:
X,y:~ 8 um
z: ~44 ym
Q IP precision: ~ 30 ym

O VELO in the TestBeam in 2006
-> study of pattern recognition, alignment, .

£ Boauty 2005 .

Vacuum vessel arrived
at NIKHEF in 04/2005
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Magnet

Q JBdI=4Tm
O Warm dipole magnet (Al), Fe yoke = 1600 t
d Daily reverse field To reduce systematics

Tl
=, R -

Installed and commuss:oned in 2004

Field mapping ongoing
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Tracker
T1-3

Sensors

o
e
3
<
£
O Trigger Tracker N N
Silicon Strip, 1.6 x 1.3 m2
=> 144k channels Sensor
O Inner Tracker ladders
Silicon Strip, 1.2 x 0.6 m2
=> 129k channels / -y
I e Q Outer Tracker — 60% ofjharr(\ibers Electronics hybrid
ﬁ‘;ﬁ ﬁ Straw tubes, 5.6 x 4.6 m? produce
=> 54k channels - Efficiency ~94% (p>10 GeV/c)
- Ghost rate ~3% (p70.5 GeV/c)
- Momentum resolution ~0.4%
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The LHCb detector: particle ID

/K/p e, vy, mo u

RICH system Calorimeter U -system
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>Talk by Tito Bellunato
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RICH system

.f'f Magne RICH?2
/ " | 15-120 mrad
[ R ———
RICH! 5 TOAT .
125-300 mrad RICHI: Aerogel and C4F10

RICH2: CF4

n/K separation for true pions
from B->nm events
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Photon detectors: Hybrid PhotoDiodes (HPD)
LHCD
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RICH system
Q

Contract for 500 HPDs
signed

Delivery starting from
07/2005

Installation of RICH1
shielding in the LHCb
detector

Entrance/exit windows
of RICH?2
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Calorimeter

1 Scintillator Pad Detector / Preshower (SPD/PS)
Electromagnetic calorimeter (ECAL)
Hadronic calorimeter (HCAL)

projective geometry,

U

SPD/PS

n

variable granularity

L

SPD/PS
Sc-Pb-Sc¢ 15mm-14mm-15mm
2 x 6k detector cells/R-O channels
Deep groove design of cell
2.5 Xo depth
Production ongoing

[ I Wy W

SPD/PS modules with 144, 64 and 16 detector cells

Bt = e v T W WY v S—"

y Ak A jE3= 5 \ d
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et

100% outer type
modules produced

sB12

L)
The w experiment



Calorimeter:

[ Shashlyk technology
O 6k detector cells/R-O channels
Q Volume ratio Pb:Sc = 2:4 (mm)
0 25 X, , 1.1 Adepth

Q Production completed

515 250

\_O

ECAL

Q Light yield:
~3000 ph.e./GeV

O Cell-to-cell spread:
r.m.s<7%

0 Energy resolution:
o(E)/E = 10%/VE®1%

Lateral scan of ECAL module

with 50 GeV e-beam
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quorime’rer: ECAL
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8 (1 Wall size is within measurement error to design value
U x,y-positions of module are known to +0.5 mm

L
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.' g - a
- = Beauty 2005
The w experiment -#”i. ' v ¢ sel14



Calorimeter: HCAL

Fe-Scintillator tile calorimeter
1.5k detector cells/R-O channels
5.6 A depth

Production completed
Cell-to-cell spread: r.m.s. < 5%

(N R Wy Wiy

Assembly of
HCAL module

Bl 1/2 HCAL is installed in the detector

LHCD
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450 MWPCs (~30%)

L)
The w experiment

Muon detector

PNPI2

O 5 stations with
projective pad R-O

O Production at 6 sites
0 Intotal: 1368 MWPCs s
Q Produced and tested
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A very busy time in the LHCb cavern
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Tr'igger' -> talk by Frederic Teubert

2 Level O (40 MHz -> 1 MH2z) . Egicigﬁcyg
-> hardware o © o o o© o
O high-pre,y,mo, 4, h 7 R —
=> CALO, MUON K —
d pile-up veto KK asL———
1 => VELO D.K ————
b-physics topology| ¢ Level 1 (1 MHz -> 40 kHz) g; i
Mp ~ 5 GeV/c? -> software D —
SE 2 Ll 3 large IP and pr tracks o e —
_ 24 |
3 /o)e IR
-> software 3/ g —
O complete event info 3/ () pa—
Q ~offline selection 1/ (ee)K, — -

Q ->2 kHz on tape repeye” ——
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Baseline measurements

Bs oscillations frequency, phase and Als
d Bs->Dsm
d Bs->J/V& J/Vn, &nc

Measurement of y=-Arg Vyp
d BS -> Ds K
only tfree diagrams -> no NP
d Bgq -> mrmr, Bg -> KK
U-spin symmetry, NP in gluonic penguins
O Bg -> DO K*, DO K*, Dep K*
Dunietz-Gronau-Wyler method, NP in DD-mixing

Rare decays, search for NP
d Bq->K*y, wy,Bg>®y
d Bg -> &%, By > PKs

0 Bd -> K* pu

d Bs->pu

LHCD
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Event generator: Pythia+QQ
Full detailed Geant simulation of detector
pile-up and spill-over included
Realistic digitization and reconstruction with full pattern recognition
Realistic LO, L1 trigger simulation

Assumption: Major background:
bb-inclusive events
large p, IP, secondary vertices, multiplicity

Toy MC used for sensitivity studies
acceptance and resolutions parameterized from full MC

Reconstruction/analysis software environment => talk by Patrick Koppenburg

LHch
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Amg measurement: Bs -> Dgm

Ds -> KKm
Proper time resolution ~40 fs
S0 | 0,=33%1fs [ g
I 6,=67+3fs(31%)| £ 300}
_ g LHCb 1 year
o i Amg = 25 ps-1
I 200
400/~
2000 100
05500000 00 200300 A D B E— ot

breit~Tye |8 L t ps]
0 82k events/year
d B/5=0.32+0.10

QO 50 measurement in 1 year of running for Ams up to 68 ps-1
(far beyond Standard Model expectation Amg < 26 ps-1)
QO Once oscillations are established, determine Ams with o(Amg) ~ 0.01stqt ps-?

LHCD
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Y measurement: Bs -> DgK
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experiment

Ds -> KK

d 5.4k events/year
d B/S«<1

d Measures y-2x

o
Ln

5 LHCb years
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Y measurement: Bq -> i, Bg -> KK

1

d Measures y d B4 ->mm 25k events/year
d Time-dependent asymmetries J Bs->KK 37k events/year
for Bg->mtmt and Bg->KK:
Acp(1) = Adir cos(Am t) + Amix sin(Am t)
Q Parameters: v, ¢4(9s), P/T=de i® LHCb 1 year Contours

68% CL

U

Take ¢d(psg) from other measurements

0.5

95% CL

d U-spin symmetry [Fleischer]:
drrr = dkk and Oqqr = Bk -
=> 4 measurements, 3 unknown d '
=> Solve fory o
os |
Q o(y) ~5°in1LHCb year 04
Q Uncertainty from U-spin assumption 02 |
0 Sensitive to new PhYSiCS in P€"9Uin5 ° 2 . 20 €0 80 100 10 Mo 160 180 05 1

v (°)
ty 2003 - pryy
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Bs >J/V &

J/V -> |l
® -> KK

O Non-CP state => partial waves

d Measures pg = -2 x; X~0.02 is small
Q Simultaneous measurement of Alg; in SM Al¢/Is~0.1

Sensitivity (1 year) o(AT/T) Annual yield B/S
B% I/ o 0,018 100k <0.3
By ~0025 7k <51
B30 . 0025 3.2k <14
Combined g, sensitivity

=> 5 years sensitivity o(ps)~0.02
LHCD
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120 Bs >& :
S Y E/W penguin
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?q‘h-
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- 1500 |-
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20 500 -
B° _. ¢n®
s .L 'I.."'*. ...... L] O L=
_1‘!" ( I( I{L'A) . IG f"‘b‘r (‘2I 220
so Bd -> K*pp E/W penguin 200
70 180
= o 4.4k events/year ][}H I 160
= A
(13 s0 | FB
40 j
30 + lI—'} 80—
20 r f 'I' \l 60 i—
o M{* N + a0F-
=h + ++ tﬂ- 20;
?5 200 52.2{] 524[] 52I60 52 20 5300 5320 5340 0 C |
m g0 (true-rec) 438
LHCD

Rare decays

Test of SM/QCD:; search for NP

Bs -> &

) I

Gluonic
penguin

1.2k events/year
B/S5<0.2

b

.
The w experiment

i
J
h

Entries/(20MeV/c )
2 B =
o o o
[ \I|IH|\II‘III‘I\I|
i
_'_
I
-t L
h
V)]

f

—

vl
W
W

|

-
]

-4 5.45

%H uj(ﬂi|i|

F— | I
s

(elfc

Bs -> pp

LHCb 5 years

ft o1

~17 even’rs/year'

TR AN

i

1 | I 1 1 | 1 | I 1 I
5

5.2 5 4

Mass(GeV/c )

{'Boauty 2005

5.6 5.8 6

SB26



Bc>J/Wm

CDF 2005 360 pb” _ LHCb ~1.5 month
g 6 ; B, Mass = 6287040.0048 GeVic’ 300 -
s | SELLL Resolution (fed) = 155 Mellc’ ‘J
B Signal: 18.9+ 5.7 events i I\ M(B )=6.4000
e 5 Mean exp. backgd.: 10.041.4 evts 20 7 | (B,
E - under peak | } o(B_)=0.0136
KR 200 || ||
7 [
= L
8 |: \ ) J 2 150 | I‘ k
i ! |
2 L L h 100 |‘ 1|
- 1N . e a
o_l A O IS A 0 O Y i | 0 ||||||||||||||||||||||||
62 625 63 635 64 645 , 51 62 63 64 65 66 6.7
Il 1 wMass (GeV/c')
M(B,) GeV
Yield: 14k events/year
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Flavour Tagging

Determine the flavour of the . _
signal B-meson at production Quality of the flavour tagging

QO tagging efficiency etqq = (R+W) / (R+W+U)
O wrong tag fraction w = W / (R+W)
0 effective tagging efficiency eeff = etaqg (1-2w)2

(after passing trigger and offline cuts)

Channel cong () | w (%) |2om ()
BY— rt7n— 41.840.7 | 34.9+1.1 | 3.8+0.5
BY - Ktx— 43,2414 | 33.342.1 | 4.8=1.0

BO— J (up)KS | 45.1+1.3|36.7+1.9|3.2£0.8

) o "A'q“”hms BO — Jt (1) K*0 |41.940.5 | 34.3£0.7 [ 4.140.3
O "Opposite side BV - KTK- 49.840.5] 33.0£0.8 | 5.8£0.5
Q leptons from semileptonic decays B — rtK- 49.5+1.8| 30.4£2.6 | 7.6E£1.7
O E
O K from b-sc->s chain B? — Dy at 54.641.2| 30.0£1.6 | 8.7£1.2
3 inclus n BY — DFK* 54.24-0.6 | 33.440.8 | 6.04-0.5
Inclusive vertex charge B — Ji (pp)é | 50.440.3|33.440.4 | 5.5+0.3
O "Same side”
QO K* from fragmentation accompanying In the LHCb, measure w using control
Bs meson channels with similar topology

LHCD .
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Summary of principal physics channels

Factors (in %) forming £y (in %) Assumed | Annual B/S ratio

Decay channel Edet X Erec/det X Eselfrec X Eirg/sel = Etot| Visible BR| signal from inel.
e [E s = £ Eiot j¥ii 100 rield bb back.

BY — 7@~ 12.2 91.6 15.3 33.6 0.688 4.8 26. k 2 T
BY - K+ta— 12.2 92.0 25.2 33.2 0.94 18.5 135: k| .16 0.D4
BY - Tt K~ 12.0 92.1 13.5 36.7 0.548 4.8 5.3 k < o
B! — KTK— 12.0 92.5 28.6 31.1 0.0958 18.5 37. k| 0.31 =0.10
B"— pmw 6.0 65.5 2.0 36.0 0.028 20. 4.4 k < il
BY — D*—xt 0.4 TT.7T 18.5 27.4 0.370 T1. 206. k < .3
B! — DY(Km)K*" 5.3 81.8 22.9 35.4 0.354 1.2 3.4 k < 0.5
B? — D(D:,_P(KI{)K*G .2 81.4 20.4 31.2 0.390 0.19 0.59k < 29
B! — Dowt 5.4 S0.6 25.0 31.1 0.337 120. 80. k | 0.32+0.10
B? — DFK* 5.4 &§2.0 20.6 29.5 0.269 10, 5.4 k < 1.0
BY — .];‘z;!{,tf,p}I{E 6.5 66.5 53.5 60.5 1.39 19.8 216. k | 0.80 &£ 0.10
B? .];‘z;'-'{eejI{g 5.8 G60.8 17.7F 26.5 0.164 20.0 256 kK | 098 +0.21
B? — .],f‘z;!{l.tf,p}I{*':' T.2 82.7 35.1 69.9 1.462 59. 670. k | 0.17 =0.03
Bt — Jab(pup) K+ 11.9 89.6 44.8 68.7 3.28 68, 1740. k | 0.37 4+ 0.02
BY — J&b(ppe )b 7.6 82.5 41.6 64.0 1.672 31. 100. k < 0.3
B? — Jhab(ee)d 6.7 76.5 22.0 23.0 0.315 31. 20, k 0.7 0.2
By — JAa(pape)n 10.1 69.6 10.1 64.8 0.461 7.6 7.0 k s T
B — 1 2.6 69.5 15.8 27. 0.078 21. 3.2 k <14
B! — ¢ 6.7 7.7 37.9 23.2 0.470 1.3 1.2 k < 0.4
B? — putu—K*0 7.2 &82.4 16.1 TauD 0.704 0.5 4.4 k < 2.0
BY - K*'~ 9.5 | 86.8 50 | 37.8 0.156 29, 35,k 0.7
B — oy 9.7 56.3 7.6 34.3 0.220 21.2 9.3 k i 10 |
Bt — JAb(pp)wt 1B 80.3 20.7 60.8 1.30 G0, 14.0 k < 0.8

Nominal year = 1012 bb pairs produced (107 s at L=2x1032 cm=2s71 with opp=500ub)

Yields include factor 2 from CP-conjugated decays
Branching ratios from PDG or SM pre%g‘rions
F ;

LHCD
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Performance after 1 LHCb year (2 fb-1)

channel yield precision
Y Bs -> Ds K 5.4k o(y) = 140
Bq -> mm, Bg -> KK 26k, 37k a(y) ® 69
Bq -> DO K* 0.5k
Bq -> DO K* 3.4k a(y)  8°
B4 -> Dcp K* 0.6k
X Bs>J/V & 120k o(x) & 2°
|V1-d/V1-5| Bs -> Ds Tt 80k Ams up to 68 pS-l
rare decays | B4 -> K* y 35k o(Acpdin) % 0.01
+ systematics | -> talk by Guy Wilkinson
LHCD " Da .
The m experiment ihlu“ 2““5 . sB30




Summary

Q LHCb detector is optimized for precise measurement of CP violation and search
for new phenomena

O Exploit ~1012 b-hadrons / year with all b-species
-> B(s,c)-factory
Q Complementary/competitive to (Super)-B(d u)-factories and Tevatron
O Detector construction is advancing well
Q To be ready for the first LHC collisions in 2007
[ Physics potential can be fully exploited with the initial LHC luminosity

More on LHCb in Wednesday/ Thursday talks:

-> M.Needham “Status of the LHCb tracking system”

-> T.Bellunato "Status of LHCb RICH and HPD"

-> F.Teubert "LHCb trigger development”

-> G.Wilkinson "LHCb strategy to understand systematics”

-> P.Koppenburg "Reconstruction and analysis software environment of LHCb"
Lach
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To conclude ...

Historically, competitions on Beauty involve the famous apple ...
.. the Apple of Discord

experiment SB32



..and in a few years ...

LHCD
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